ABSTRACT Recent developments in optical communications have allowed simpler optical devices to improve network resource utilization. As such, we propose adding a lambda-monitoring device to a Wavelength-Routing Switch (WRS) allowing better performance when traffic is routed and groomed. This device may allow a WRS to aggregate traffic over optical routes without incurring in optical-electrical-optical conversion for the existing traffic. In other words, optical routes can be taken partially to route demands creating a sort of "lighttours". In this paper, we compare the number of OEO conversions needed to route a complete given traffic matrix using either lighttours or lightpaths.
INTRODUCTION
Internet bandwidth requirements are increasing drastically nowadays and optical Wavelength-Division-Multiplexed networks (WDM) are designed to satisfy these requirements today. WDM networks usually route traffic demand by means of lightpaths. A lightpath is an end-to-end (fully) optical route between two Wavelength-Routing Switches (WRS), not necessarily neighbors. Since fibers can be demultiplexed into fewer wavelengths according to the number of traffic demands, one lightpath is used to route several low-speed demands (subwavelength demands). Therefore, low-speed demands are groomed into high-speed wavelengths channels [1] , taking advantage of the high-capacity of wavelengths.
To improve resource utilization, sometimes more than one consecutive lightpath is used to forward a single demand. Therefore, a lightpath forwards several demands together and a demand is forwarded by different con secutive lightpaths. When a demand changes from one lightpath to another, packets need to be converted from optical signal to electrical data in order to decide the next lightpath to take. Once this decision has been made, packets need to be re-converted from electrical data to the optical signal so that they can be routed optically. These Optical-Electrical-Optical (OEO) conversions are usually avoided by network operators because more network resources (e.g. transmitters and receivers) are needed to regenerate optical signals. Moreover, OEO conversions could delay traffic since traffic flowing must be processed and queued electronically. Therefore, the way in which traffic is groomed affects not only the performance of the network but also its throughput.
In this paper the TRAFFIC GROOMING, ROUTING AND WAVELENGTH ASSI GNMENT (GRWA) problem (e.g., studied in [2] and [3]) is tackled. In general, the GRWA problem can be described as follows:
GIVEN: A traffic demand matrix (A) and a physical optical topology including a description of its network resources: a ) the graph of the topology (C' (V, E'), b) the number of transmitters (Tj) and receivers (Rj) for each node j E V and, c) the wavelengths that each link (i, j) E E' can be demultiplexed into ( W ), FIND: A set of optical routes and a set of routes over these optical routes that satisfies all (or part) of the traffic demand matrix.
A novel architecture for grooming low-speed traffic demands into high-speed fully-optical routes, named En hanced Grooming (C+), is proposed in this article and described in §2 .. The proposed architecture, C+, allows a transparent WRS to aggregate more traffic over optical routes (lighttours) without incurring any OEO conversions for the traffic being forwarded through it. This statement is supported with a set of experiments described in §3 ..
Finally, in §4., conclusion regarding the proposed architecture and its model are discussed, together with pro posals for future work. 1-4244-023 6-0/06/$20.00 ©2006IEEE
